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Received 31 May 2006; received in revised form 31 August 2006; accepted 11 September 2006AbstractIn this paper, we studied the assemblage of Chironomidae from headwaters of N˜ireco stream by recording drifting
pupal exuviae caught in the debris close to the shore. Samples were collected in three stations along 18 km of the stream
every 2 weeks during spring–summer months and monthly during autumn–winter over a year. A total of 15949 exuviae
were collected and 55 taxa were identiﬁed. The most abundant taxa were Cricotopus spp. with highest numbers of
exuviae recorded in each station over the study period. Subfamily Orthocladiinae was the most abundant taxa,
followed by Chironominae and Podonominae. The emergence period in the stream occurred between December 1998
and March 1999. Most of the dominant and frequent species were univoltine. The emergence peaks at each sampling
station occurred at the highest temperature of the water recorded.
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The Chironomidae (Insecta: Diptera) are considered
the most widely distributed and abundant family of
aquatic insects (Armitage, Cranston, & Pinder, 1995;
Merrit & Cummins, 1997; Oliver, 1971; Pinder, 1986).
They are key members of stream macroinvertebrates
assemblages, playing an important role in detritus
processing and food chains (Armitage et al., 1995;
Pinder, 1986; Ruse, 1992). Chironomids are known to
be opportunistic and rapid colonizers adapting to
ﬂuctuating conditions (Huryn, 1990; Ladle, Cooling,
Welton, & Bass, 1985; Ruse, 1995). Furthermore the
high diversity displayed by the group may indicate a
potential as bioindicators of water quality (Wilson &e front matter r 2006 Elsevier GmbH. All rights reserved.
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ing author.
ess: danon40@hotmail.com (D.A. An˜o´n Sua´rez).Bright, 1973). Over the last decades chironomids have
been used to characterize the ﬂuvial systems (Fend &
Carter, 1995; Laville, 1979, 1981; Wilson, 1979; Wilson
& Bright, 1973).
Chironomid pupal exuviae collected while drifting have
been used for about 30 years to assess the faunistic,
biological or ecological status of aquatic systems (Coff-
man, 1973; Garcı´a & Laville, 2000; Gendron & Laville,
1995; Rieradevall & Prat, 1986; Wilson, 1977; Wilson &
Bright, 1973; Wilson & Wilson, 1983). This sampling
technique has been proved an effective method for the
study chironomid assemblages assessment of running
waters because pupae are more amenable for faster
sorting systems due to the rapid and easier to identify and
accurate identiﬁcation compared with larvae (Coffman,
1973; Hardwick, Cooper, Cranston, Humphreys, &
Dostines, 1995; Gendron & Laville, 1995; Thienemann,
1910). Chironomid pupae collections have been used to
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Fig. 1. Geographic location of N˜ireco stream and sampling
stations.
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Vilchez Quero, 1993; Laville, 1981; Wilson, 1979; Wilson
& Bright, 1973). Besides, the presence of cryptic species
may help obtaining an integrated perspective of chir-
onomid assemblages (Hardwick et al., 1995). However,
the technique is dependent upon the emergence periods of
the species (Gendron & Laville, 1995; Oliver, 1971). As
far as we know, the approach of using chironomid skin
collection for ecological studies is new to Argentina and
new in Andean rivers.
The aim of this study is determining the composition,
abundance, phenology of emergence and distribution of
chironomid assemblages along a typical Andean stream
of Patagonia Region (Argentina).
Study area
N˜ireco stream (411080S; 711170W) originates at
1700m.a.s.l. in the eastern slope of Ventana mountain
and ﬂows about 18 km draining into Nahuel Huapi lake
at 769m.a.s.l. (Biedma, 1978). The upper section of the
stream is characterized by a rocky topography and
vegetation consisting in the deciduous native forest of
Nothofagus pumilio (P. et E.) Krasser (‘‘lenga’’). In the
lower basin, N˜ireco runs through an open valley where
surrounding vegetation is conformed by shrubs and
trees dominated by Compositae and Salix sp. The last
4 km of the stream go through Bariloche city (Fig. 1).
Material and methods
Sampling
Three sampling stations were established along the
N˜ireco stream (Fig. 1), main geomorphological features
are shown in Table 1. In order to register the emergence
peaks of chironomids along the year a sampling from
September 1998 to October 1999 was performed.
Samples were taken, monthly during cooler months
and every 2 weeks during warmer months (September
1998–May 1999). In each sampling occasion the water
temperature was recorded. Other physicochemical para-
meters were recorded later (2004–2005) at each sampling
station in order to compare these results with the
abundance and distribution of chironomids. Then
dissolved oxygen, total dissolved solids, pH, conductiv-
ity and nutrients concentration (total phosphorus,
soluble reactive phosphorus, nitrates plus nitrites,
ammonium and total nitrogen) were recorded seasonally
during May 2004 (autumn), September 2004 (late
winter), December 2004 (late spring) and March 2005
(late summer).
Drifting pupal exuviae was collected by scooping
foam and ﬂoating debris along the stream margins for
10min per station (Fend & Carter, 1995; Ferrington,1987). All collected materials were sieved by a 210 mm
mesh net. In the laboratory the pupal exuviae were
removed from the debris and, when necessary, sorted
under a stereoscope (10 ) and preserved in 70%
ethanol. Specimens were dehydrated in 96% and 100%
ethanol successively and mounted in Euparal on a
microscope slide (Cranston, 1996). Exuviae were identi-
ﬁed following Brundin (1966), Wiederholm (1986),
Cranston (1996) and Cranston and Edward (1999).
Physicochemical parameters were compared across
stations using one-way ANOVA. Post hoc contrasts
were applied to determine differences in these variables
between sampling stations (Zar, 1999).Results
Physicochemical parameters
Mean annual values of physicochemical parameters in
N˜ireco stream at each sampling station are shown in Table
1. There were signiﬁcant differences in conductivity, total
phosphorus, total nitrogen and nitrate plus nitrite
concentrations across sampling stations (Tables 1 and 2).
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Table 1. Geographical, geomorphological features and average values for the four seasons (May 2004–March 2005 period) for
physicochemical parameters in N˜ireco stream at each sampling station with p-values (one-way ANOVA)
Station A Station B Station C F p-value df
Altitude (m a.s.l.) 1080 860 760
Slope (%) 10 4 1
Substrate Boulders, cobbles Boulders, cobbles Cobbles
Riparian vegetation Nothofagus pumilio forest Baccharis sp. Senecio sp. Salix sp.
Steam width (m) 2–4 7–9 9–11
Velocity ﬂow (cm s1) 103 113 130
Mean annual temperature (1C) 9.5 13.9 11.2
Dissolved oxygen (mgL1) 9.90 9.25 9.85 1.96 0.190 2
Conductivity (mS cm1) 70.300 80.525 113.875 8.06 o0.05 2
pH (units) 7.875 7.775 8.325 2.47 0.138 2
Total dissolved solids (mgL1) 36.50 42.75 68.75 3.14 0.090 2
Total phosphorus (mgL1) 3.500 4.925 13.050 17.48 o0.05 2
Soluble reactive phosphorus (mgL1) 0.800 0.625 2.175 2.05 0.180 2
Total nitrogen (mgL1) 11.025 21.450 1176.65 12.19 o0.05 2
N-NO3
+N-NO2
 (mgL1) o2.0 o2.0 856.475 8.70 o0.05 2
N-NH4
+ (mgL1) o5.0 o5.0 o5.0 0.39 0.680 2
Table 2. Post hoc comparison between sampling stations for
signiﬁcant physicochemical parameters in N˜ireco stream
Parameters T t probability
Total phosphorus
A vs. B 0.818 0.430
B vs. C 4.66 po0:05
A vs. C 5.48 po0:05
Total nitrogen
A vs. B 0.038 0.970
B vs. C 4.25 po0:05
A vs. C 4.29 po0:05
NO3
-N+NO2
-N
A vs. B 0.002 0.990
B vs. C 3.61 po0:05
A vs. C 3.61 po0:05
P.E. Garcı´a, D.A. An˜o´n Sua´rez / Limnologica 37 (2007) 109–117 111The post hoc contrasts showed that sampling station
C presented the highest mean concentrations of total
phosphorus, total nitrogen and nitrate plus nitrite.
Composition and abundance of the chironomid
assemblages
During the sampling period a total of 15,949 pupal
exuviae distributed in 55 taxa including genus, species
and unidentiﬁed specimens was recorded. The exuviae
were identiﬁed as belonging to the subfamilies: Tany-
podinae (6 taxa), Podonominae (17 taxa), Diamesinae (4
taxa), Orthocladiinae (19 taxa), Chironominae (8 taxa),
and Aphroteniinae (1 taxa) (Table 3).
The most abundant taxa in the three sampling
stations were Cricotopus spp., with 10,366 pupal exuviae
recorded and was most abundant in the sampling station
C (close to the end of the stream) with 12,855 pupal
exuviae collected, and the station A was less abundant
with only 540 exuviae (Table 3). This genus represented
a 65% of all collected individuals. Despite the abun-
dance of Cricotopus spp. morphotype determination was
very difﬁcult and thus it was clumped at generic level.
Emergence dynamics
The total number of pupal skins collected in each
station during the sampling period is shown in Fig. 2.
The station A recorded an average of 32 pupal exuviae
for each sampling date over the entire study period. Two
emergence peaks were recorded: the ﬁrst one was in
January 1999 with 162 exuviae and the second occurredin March 1999 with 107 pupal exuviae recorded
(Fig. 3A). The increment in temperature observed from
spring to summer was coincident with the release of the
ﬁrst emergence in January 1999 (Fig. 2). The sampling
station B presented an average of 150 exuviae collected
for each sampling date. In this station two important
emergences were found. The ﬁrst was recorded during
December 1998 with an average of 474 pupal exuviae.
The second peak of emergence was recorded from the
end of February until April 1999 with an average of 247
exuviae (Fig. 2). Emergence peaks were coincident with
higher temperature records (Fig. 2). Finally, the
sampling station C showed an average of 756 pupal
exuviae during the study period with a record of three
ARTICLE IN PRESS
Table 3. List of chironomid taxa found in N˜ireco stream in the three sampling stations during the study period
Station A Station B Station C Total
Subfamily Tanypodinae (S ¼ 6)
Ablabesmyia sp. 1 0 41 2 43
Apsectrotanypus sp. 1 10 0 3 13
Apsectrotanypus sp. 2 0 1 2 3
Bethbilbeckia sp. 10 55 12 77
Pentaneura sp. 1 2 100 9 111
Pentaneura sp. 2 2 135 17 154
Subfamily Podonominae (S ¼ 17)
Boreochlini sp. 3 1 0 4
Parochlus araucanus (Brundin, 1966) 23 4 10 37
Parochlus crasicornis (Brundin, 1966) 4 1 0 5
Parochlus patagonicus (Brundin, 1966) 0 1 11 12
Parochlus pauperatus (Brundin, 1966) 0 0 1 1
Parochlus steineni steineni (Gercke, 1889) 0 1 0 1
Parochlus trigonocerus (Brundin, 1966) 18 3 3 24
Parochlus villaricensis (Brundin, 1966) 4 0 0 4
Podochlus sp. 1 15 66 2 83
Podochlus flexistylus (Brundin, 1966) 1 2 1 4
Podochlus sp. ‘‘peulla’’ (Brundin, 1966) 33 1 36 70
Podochlus sp. ‘‘canteras’’ (Brundin, 1966) 1 3 1 5
Podochlus sp. ‘‘tronador’’ (Brundin, 1966) 0 5 0 5
Podonomus albinervis (Edwards) 1 3 49 53
Podonomus bipartitus (Brundin, 1966) 1 0 0 1
Podonomus inermis (Brundin, 1966) 1 3 0 4
Podonomus paymensis (Brundin, 1966) 5 4 2 11
Subfamily Diamesinae (S ¼ 4)
Araucania sp. 12 55 24 91
Heptagiya annulipes (Phillipi, 1865) 4 2 0 6
Limaya longitarsis (Brundin, 1966) 0 17 9 26
Paraheptagyia sp. 0 0 150 150
Subfamily Orthocladiinae (S ¼ 19)
Botryocladius edwarsi (Cranston & Edward, 1999) 17 77 198 292
Botryocladius glaciales (Cranston & Edward, 1999) 3 23 79 105
Botryocladius mapuche (Cranston & Edward, 1999) 5 0 0 5
Cardiocadius sp. 0 0 1 1
Cricotopus spp. 130 532 9704 10,366
Doncricotopus sp. 0 5 25 30
Limnophyes sp. 1 55 804 860
Orthocladinae gen. 1 0 24 290 314
Orthocladinae gen. 2 5 27 67 99
Orthocladinae gen. 3 2 7 3 12
Orthocladinae gen. 4 1 4 4 9
Orthocladinae gen. 5 0 8 0 8
Orthocladinae gen. 6 19 39 322 380
Orthocladinae gen. 7 1 10 75 86
Parakiefferiella sp. 9 4 4 17
Pseptrocladius sp. 0 5 0 5
Stictocladius sp. 1 17 78 3 98
Stictocladius sp. 2 0 71 66 137
Thienemanniella sp. 15 418 111 544
Subfamily Chironominae
Tribe Chironomini (S ¼ 5)
Chironomus sp. 0 10 8 18
Polypedilum sp. 1 10 33 687 730
Polypedilum sp. 2 6 18 7 31
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Table 3. (continued )
Station A Station B Station C Total
Sergentia sp. 1 138 4 43 185
Sergentia sp. 2 4 0 0 4
Tribe Tanytarsini (S ¼ 3)
Rheotanytarsus sp. 0 422 3 425
Tanytarsus sp. 1 1 5 4 10
Tanytarsus sp. 2 1 169 3 173
Subfamily Aphroteniidae (S ¼ 1)
Paraphrotenia excellens (Brundin, 1966) 5 2 0 7
Total 540 2554 12,855 15,949
S ¼ number of taxa. Values in columns are specimens sum over the studied period.
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Fig. 2. Absolute abundances expressed as chironomid pupal
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graph.
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(1401 exuviae) followed by another in February (2992
exuviae) and the last one in April (1947 pupal exuviae)
(Fig. 2).Phenology at subfamily and tribe levels
Fig. 3 shows the cumulative number of taxa in N˜ireco
stream over the period September 1998–October 1999.
Six subfamilies occurred by the end of December 1998.
The majority of the taxa emerged towards April 1999.
The spring increase begun in October 1998 and was
mostly due to the presence of different taxa and high
densities of the Orthocladiinae and, in less extent, to the
Diamesinae (Fig. 3). Meanwhile the Podonominae,
Tanypodinae, Chironominae (Chironomini and Tany-
tarsini) emerged later, by November 1998. The increase
in taxa number for these subfamilies was registered
mainly in the summer months. The subfamily Aphro-
teniinae with only one species presented a late emer-
gence by December 1998.Phenology of dominant and frequent taxa
Fig. 4 shows the exuviae abundance in stations A–C
during the sampling period. Only the most abundant
taxa at each station were considered (420 exuviae for
station A,4100 exuviae for station B and4200 exuviae
for station C). In station A Cricotopus spp. appeared in
spring and was registered during the whole sampling
period, showing a maximum during March 1999
(Fig. 4). Sergentia sp. 1 emerged during January 1999.
Parochlus araucanus and Podochlus sp. ‘‘peulla’’ were
less abundant and together with Sergentia sp. 1 showed
a discontinuous record over the study period (Fig. 4).
In station B, Cricotopus spp. was also the ﬁrst
in appearing showing a broad emergence period
starting in October 1998 until January 1999 (Fig. 4).
ARTICLE IN PRESS
200
180
160
140
120
100
80
60
40
20
0
S
e
p
-9
8
O
c
t-
9
8
N
o
v
-9
8
D
e
c
-9
8
J
a
n
-9
9
F
e
b
-9
9
M
a
r-
9
9
A
p
r-
9
9
M
a
y
-9
9
J
u
n
-9
9
J
u
l-
9
9
A
u
g
-9
9
S
e
p
-9
9
O
c
t-
9
9
Tanypodinae Podonminae
Tanytarsini
Orthodadiinae
Dimesinae
Chironomini
Aphroteniinae
Time
N
u
m
b
e
r 
o
f 
ta
x
a
Fig. 3. Cumulative number of species collected in N˜ireco stream over the study period.
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December 1998, and Rheotanytarsus sp., together with
Tanytarsus sp. 2, presented their greatest abundances
during the summer (Fig. 4). Pentaneura sp. 1 peaked
during December 1998 and February 1999 while
Pentaneura sp. 2 showed a peak during December
1998 (Fig. 4).
In station C also Cricotopus spp. appeared during
springtime 1998 remaining until June 1999 and reaching
a peak in February (Fig. 4). Other abundant taxa as
Polypedilum sp. 1, showed high abundances in late
summer and early autumn whereas Limnophyes sp.
presented the highest abundance during autumn
(Fig. 4). Orthocladiinae genus 1 and genus 6 peaked
during February and May, respectively (Fig. 4).Discussion
Faunistic composition and abundance
The use of chironomids pupal exuviae was an effective
technique to determine the faunistic composition of
Chironomidae in N˜ireco stream. Pupal exuviae of
‘‘cryptic’’ species not strictly associated to river bottom
and ‘‘rare’’ species were recorded along the stream,
suggesting a high efﬁciency of this method to assess
accurately community composition (Coffman, 1973;
Ferrington, 1987; Wilson, 1977, 1979).
In N˜ireco stream chironomids are important compo-
nents of the benthic fauna representing up to 55% of the
total macroinvertebrate fauna (Albarin˜o, 1997). The
number of taxa recorded in N˜ireco stream (55) may be
considered low if compared with those found in riversfrom northern hemisphere. For example 143 chironomid
taxa were recorded at Linesville Creek (Coffman, 1973);
86 at Chew River (Wilson, 1977); 71 at Aude River
(Gendron & Laville, 1995); 107 at Pang River (Ruse,
1995) and 117 at Loire River (Garcı´a & Laville, 2000).
According to the ‘‘River Continuum theory’’ species
richness should reach a maximum in rivers with an order
around ﬁve, as the rivers cited above (Minshall, Petersen,
& Nimz, 1985; Vannote, Minshall, Cummins, Sedell, &
Cushing, 1980). Thus, the comparatively lower taxa
abundance found in N˜ireco may be attributed to the fact
of being a third-order stream. However, the species
richness of N˜ireco is likely to have been underestimated
at certain degree since most of the taxa registered could
only be identiﬁed at genus level. For example, all
morphotypes of Cricotopus were grouped in this single
genus. This is very complex taxa, which presents
intraspeciﬁc variability in some morphological features
of the pupa used to separate species (i.e. thoracic horns)
(see Hirvenoja, 1973). We could not see clearly these
features in a lot of the specimens mounted on the slides,
so the task of determining morphotypes would be very
tedious and time consuming.
Despite the study by Brundin (1966) in the N˜ireco
stream, which allowed us the identiﬁcation of some
species, we found a large gap of taxonomic information
regarding benthic fauna of Patagonia. Further taxo-
nomic studies will possibly allow us to enhance the
resolution of the identiﬁcation process and therefore
may lead to an increase in the number of taxa recorded
in this study.
The subfamily Orthocladiinae was dominant in
exuviae abundance (83.7%) and in taxa number
(34.5%) (Table 3) followed by Podonomidae (31%),
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consistent with the fact that the subfamilies Orthocla-
diinae and Chironominae which have a worldwide
distribution are also found in large numbers (Oliver,
1971). The species of the genus Cricotopus (Orthocla-
diinae) were dominant in the three sampling stations
during the study period (Figs. 2, 4 and Table 3).
According to Cranston (1983) this genus is tolerant to
changing environmental conditions and in fact, we
found it in all the sections of the stream, which
presented marked local differences in some physico-
chemical features.
In addition some ‘‘unfrequent’’ species such as
Apsectrotanypus sp. 2, Boroclhini sp., Cardiocladius sp.,
Parochlus villaricensis, Parochlus pauperatus, Podochlus
flexistylus, Podonomus bipartitus, Parochlus steineni
steineni, Podochlus inervis and Sergentia sp. 2 were also
recorded along the stream. For all these species lessthan 4 pupal exuviae were recorded during the study
period. Also, a few pupal exuviae of Paraphrotenia
excellens belonging to the subfamily Aphroteniinae
were collected. This subfamily presents few species
which are strictly rheophilic and to some swift mountain
streams in southern South America, South Africa, and
Australia (Armitage et al., 1995; Brundin, 1966; Oliver,
1971).
In N˜ireco stream the abundance increased from
headwaters (Station A) to the outﬂow in Nahuel Huapi
Lake (Station C) (Table 3). This gradient is likely to
involve not only altitude but also some environmental
factors such as substrate type, temperature and nutrient
concentrations well. A similar pattern in species richness
has been mentioned by Vannote et al., 1980). Highest
abundance in the station C could be attributed to higher
local productivity due to antropogenic disturbance
affecting mostly total nitrogen and total phosphorus
availability (Table 1). Actually, total phosphorus, total
nitrogen and N-NO3
+N-NO2
 and Chlorophyll a
(Bafﬁco & Pedrozo, 1994) were highest at station C
which likely could be translated in higher food avail-
ability. Despite the fact that differences in conductivity
were statistically signiﬁcant (Table 1), it is not too
important for physiological changes.Emergence periods
The sampling records over a year revealed ﬂuctua-
tions in emergence of most frequent species at N˜ireco
stream. Following Coffman (1973), the voltinism in
chironomids may be determined using the annual
records of species emergence. Therefore, the main peaks
may reﬂect the number of species generations, although
the analysis of abundance plots is sometimes not so
obvious. For the whole family Chironomidae the
emergence occurred ﬁrst at station B (December
1998–January 1999) followed at station A (January
1999) and ﬁnally at station C (February 1999) (Fig. 3).
The emergence peaks were coincident with the highest
thermal records obtained during the study period
(spring–summer) (Fig. 3). It is well known that
temperature, among other factors such as food avail-
ability and photoperiod, may play an important role in
the growth and development of chironomids (Armitage
et al., 1995; Pinder, 1986; Rossaro, 1991). The sequence
of emergence along N˜ireco stream was not the expected
according to the altitudinal gradient (Fig. 2). The early
emergence in station B instead C could be due to a
subterranean income of cold water before station C, that
may explain the lower mean temperature recorded in
this station, since both stations have not riparian shade
(Fig. 2).
The voltinism is related with the latitude and there-
fore with the photoperiod and temperature which
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Cranston, 1994; Oliver, 1971; Resh & Rosenberg, 1984;
Tokeshi, 1995; Ward, 1992; Ward & Standford, 1982).
Thus, the univoltinism is frequent in temperate regions
(Armitage et al., 1995). Most of the taxa examined in
N˜ireco stream (Thienemanniella sp., Limnophyes sp.,
Rheotanytarsus sp., Polypedilum sp.1, Sergentia sp.1,
Orthocladiinae sp.1 and sp. 6) had shown a univoltine
pattern. This phenomenon has already been recorded in
the southern hemisphere also for other aquatic inverte-
brates (An˜o´n Sua´rez, 1997; An˜o´n Sua´rez & Albarin˜o,
2001; Gullan & Cranston, 1994; Kaisin, 1989).
In N˜ireco stream the subfamilies Orthocladiinae,
Diamesinae and Podonominae were spring emergers,
meanwhile Aphroteniinae were summer emergers
(Fig. 3). This is partially coincident with the emergence
pattern observed in the southern hemisphere by
Cranston and Edward (1992). These authors mentioned
that some Diamesianae, mostly Podonominae and
Aphroteniinae are basically spring forms (Armitage
et al., 1995).The subfamilies Tanypodinae and Chir-
onominae were mainly summer forms (Fig. 3), which is
concordant with the generalized emerge pattern pro-
posed for the northern hemisphere by Coffman (1973)
and Rempel and Harrison (1987) (In Armitage et al.,
1995).
To conclude, the results in the present study indicate
the multiplicity of ecological condition that distinguish
N˜ireco stream. We also need to do further taxonomic
studies in this region in order to obtain better qualitative
information (species biodiversity) and also to get data of
other rivers and streams that allow us to compare our
results with other lotic environments.
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